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Discussion and Decision
1 Introduction
During RAN1#60bis, the following agreements were made on power scaling for UL power control.
Agreement: 

· PUSCH with UCI is prioritized over PUSCH without UCI (i.e. power of PUSCH without UCI is scaled down first, maybe to zero)
i.e. Priority order is as follows:
PUCCH > PUSCH with UCI > PUSCH without UCI
· Prioritization is regardless of same or different CCs.
· It is FFS whether it is possible to transmit PUCCH and PUSCH with UCI simultaneously.
Further offline discussion took place during the week and a way forward was agreed in [1], which is summarized as follows:

If the total transmit power exceeds the UE max transmit power
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, the UE scales the transmit power of each PUSCH such that
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(Eq. 1)
is satisfied, where 
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 is a scaling factor for carrier c. The details of scaling factor 
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are FFS. 
· Equal power scaling is applied to all PUSCH clusters on a given CC. 

· Handling of power differences between component carriers and between the PUCCH and the PUSCH on the same CC is FFS depending on RAN4 decision

· Path loss offset handling due to DL measurement limitation is FFS depending on RAN4 decision.
This contribution summarizes our views on the remaining issues on power scaling.
2 Discussion
2.1 Power scaling formula

If the total transmit power exceeds the UE max transmit power
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, the UE scales the transmit power of each PUSCH such that
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(Eq. 2)
is satisfied, where 
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 is a scaling factor for carrier c. 

We propose that the scaling factor depends on a component calculated by UE (depending on PUCCH transmit power) and a signalled weighting factor depending on PUSCH priorities. The scaling factor is determined as
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, where 
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 is a weighting factor in the range of [0, 1], signalled to the UE by higher-layer signaling and 
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 is the scaling factor computed at the UE. The number of weighting factors is determined depending on whether scaling is applied to PUSCHs with UCI or not, and whether different scaling is needed depending on the UCI contents (ACK/NACK, SR, or CSI).

UE autonomous power scaling was proposed by some companies during RAN1#60bis. There are mainly two scenarios:

· UE DTX: UE is allowed to scale down the power to zero on certain carriers, if the transmit power of the carrier is sufficiently small.

· QoS specific power scaling: Power scaling is left for UE implementation. UE may prioritize higher QoS traffic such as RRC signaling over lower priority data traffic. 

However, UE autonomous power scaling results in increased scheduling uncertainty and UE misbehavior. In our view, UE autonomous power scaling should be limited as much as possible. If UE autonomous power scaling is needed, this may be allowed in a limited number of well-defined scenarios. It is desirable to define eNB configurable parameters controlling the DTX and QoS specific power scaling behavior. Further study is needed before defining UE autonomous power scaling.
2.2 UCI multiplexing and mapping to carrier
Mapping of UCI to carrier:

PUSCH with UCI may be mapped to either one carrier or multiple component carriers, depending on the linkage between the DL and UL carriers, as illustrated in Figure 1.
· Case 1: UCI for each carrier is multiplexed to separate codewords, which is mapped to a component carrier by a one-to-one mapping.

· For SU-MIMO, UCI’s for two DL MIMO codewords are multiplexed to one UL codeword, considering reliable UCI reception and reduced decoding latency as described in [2]. The codeword is mapped to a CC by a one-to-one mapping.

· Case 2: UCIs of all CCs are multiplexed in one PUSCH CC. This arises when multiple DL carriers are mapped to one UL carrier. Multiplexing of additional UCI bits for up to 5 carriers requires extension of the Rel-8 design.

Observation: PUSCH with UCI corresponding to DL CC can be mapped to one or multiple UL component carriers. The mapping follows the normal DL/UL carrier linkage. 
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Figure 1: UCI mapping to carrier
Simultaneous transmission of PUCCH and PUSCH with UCI:

In Rel-10, simultaneous transmission of PUCCH and PUSCH on the same carrier is considered for control / data decoupling. Whether simultaneous transmission of PUSCH with UCI and PUCCH on the same carrier is needed or not is still open. In Rel-10, additional UL feedback signals such as PMI /RI are required to support UL SU-MIMO. There are a few possibilities for control / data multiplexing on the same carrier:

· Case 1: All control channels (ACK/NACK, SR, CSI) are transmitted on PUCCH

· In principle, Option 1 is feasible with extension of existing PUCCH format or by a new PUCCH format with increased payload size. All UCIs are mapped to a PUCCH which is transmitted on PCC.

· Case 2: Some control channels (ACK/NACK, SR) are transmitted on PUCCH and others (aperiodic CQI and/or PMI/RI) are transmitted on PUSCH.

· Both PUSCH with UCI and PUCCH are mapped to the same carrier, ie PCC. 

· PUSCH with UCI and PUCCH are mapped to different carriers. In this configuration, PUCCH is mapped to PCC while PUSCHs with UCI are mapped to non-PCC carriers.

In either scenario, some scaling of PUSCH with UCI is required. When multiple PUSCHs with UCI are present simultaneously, equal priority is assumed for all PUSCHs with UCIs.
Proposal: When PUCCH is present, scaling of PUSCH with UCI is required due to maximum transmit power constraint. Equal priority applies to all PUSCHs with UCI.
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Figure 2: Simultaneous transmission of PUCCH and PUSCH with UCI
We would also be open to the possibility not to use PUCCH if any UCI is multiplexed with PUSCH. In other words, if any UCI is multiplexed with PUSCH in a subframe, all UCI in that subframe should be multiplexed with PUSCH. This could avoid some complexity. 

2.3 Power difference constraint
There may be maximum power difference constraint between multiple CCs and also for simultaneous PUCCH and PUSCH on the same CC or same band CC. There is no quantitative analysis from RAN4 available yet. It requires further study how to the limitation on the power difference will affect 

2.4 Path loss offset compensation
RAN4 is discussing scenarios when DL measurement is not available for all linked UL carriers. Path loss offset compensation may be needed, to take into account fairness among carriers. In some cases, power scaling strategy may prioritize higher frequency carriers over lower frequency carriers with similar services in power-limited case [3]. Power scaling formula in this scenario needs further study, depending on RAN4 input.
3 Conclusion

In this contribution, power scaling strategy is proposed for CA.

· Power scaling formula that is applied at the UE is proposed. The scaling factor that is computed at the UE based on higher-layer signalled parameters depending on PUSCH priorities.

· UE autonomous power scaling should be limited as much as possible. Further study is needed on UE behaviour.

· When PUCCH is present, scaling of PUSCH with UCI is required due to maximum transmit power constraint.

· PUSCH with UCI corresponding to DL CC can be mapped to one or multiple UL component carriers. The mapping should follow the normal DL/UL carrier linkage. 
· When scaling PUSCHs with UCI, equal priority applies to all PUSCHs with UCI.
· We would be open to the possibility not to use PUCCH if any UCI is multiplexed with PUSCH. In other words, if any UCI is multiplexed with PUSCH in a subframe, all UCI in that subframe should be multiplexed with PUSCH.
· Impact of power difference among carriers and among PUCCH and PUSCH within the same band on power scaling requires further study.

· Path loss offset compensation due to limited DL measurement requires further study, depending on RAN4 input.
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